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All publications, patents and patent applications disclosed herein are incorporated into this 
application by reference in their entirety. 

For example: "Sambrook et al. Molecular Cloning. A Laboratory Manual (volumes l-lll) 1989, Cold 
Spring Harbor Laboratory Press, USA" and "Hariowe and Lane. Antibodies a Laboratory IVIanual 
1988 and 1998, Cold Spring Harbor Laboratory Press, USA" provide sections describing 
methodology for antibody generation and purification, diagnostic platforms, cloning procedures, 
etc. that may be used in the practice of the Instant invention. 

The following claim(s) of this provisional application are not to be construed as limiting the 
disclosed inyention(s). The claim(s) are included for compliance with patent application structural 
regulations that may be imposed by international patent offices. 

We claim: 

1 . A method of identifying parasites in a sample, comprising: 
harvesting specimens from said sample; 
extracting proteins from said specimens; 
generating peptides from said proteins; 
performing peptide fingerprint analysis of said peptides; and, 
analyzing said fingerprint for the presence of parasite biomarkers. 
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INVENTION DESCRIPTION 

Describe the invention completely, using the outline given below. Please provide an electronic copy of the 
invention disclosure document, references, and abstracts in Windows format on CD-ROM or floppy disk if 
possible 

1. Marketing Summary [Please provide a non-confidential summary of the invention that can be used for 
marketing purposes. Unique details that are published may also be included.] 

Brief Description: 

Schistosomes cause serious disease by living parasitically in the blood vessels draining the gut and bladder of humans 
and warm-blooded animals where they produce eggs that are passed out in the urine and feces. In man and animal 
hosts (dogs, cats, and livestock), infection produces severe debilitation often resulting in cirrhosis, bladder cancer and 
death. The disease (a) ranks higher in prevalence than HIV/AIDS, (b) is a leading cause of cirrhosis and bladder cancer 
in the world, and (c) is second only to malaria in importance in endemic areas. Schistosome cercariae are water-borne 
parasitic larval forms that orientate to the water surface where they wait to contact and invade vertebrate hosts. 

The novel monitoring method disclosed here allows for the selective and specific detection of Schistosome cercariae in 
environmental and biological samples. It informs at once on (a) the presence of Schistosome parasites, (b) the specific 
lifecycle stage of the parasite present, and (c) the infectivity of the pathogen. The method is suitable for large volume, 
high-throughput analysis of both environmental and biological samples. As such, it addresses an important niche in the 
worldwide detection, control and management of Schistosome diseases including Bilharzia and Swimmer's Itch. 

Potential Commercial Use: 

The Schistosome monitoring technique could be sold as a license, product and/or service. The technology can be 
used to obtain in a one-step process information on the presence, lifecycle stage, and infectitvity of Schistosome 
parasites. The technology invites application in the following areas: environmental monitoring of Schistosome 
parasites, medical screening of biological specimens for Schistosome parasites, risk assessment and exposure 
assessment, protection of health of civilians and military personnel deployed in the United States and abroad, 
prevention of bioterrorism activities employing modified Schistosome parasites as infectious vehicles. 

Marketing Goal: 

Johns Hopkins University is seeking licensees for this technology. 
Keywords: 

Parasite detection, tropical disease, water-borne disease, Schistosomiasis, Bilharzia, Swimmer's Itch. 

^SOFTWARE -Does fliis disclosure include a software element or software ,is ifrqjlemented in thq invention | | Yes; ^D^*Nd? • ' 

If;>yes,' please complete the Software Information Form which can be fountl at: ' , ' ". , 
BIOLOGICAL MATERIAL - Doe's this disclosure include biological material, □ Yes 1^ No 
If yes, please attach a list of materials for reference;' A Tangible Property Report of Invention form may be completed if the disclosure is 
biological materials only. You can find this foiin at: btiip://vvW.hopkinsmedicine.org/lbd/otl/ ■'_ 

2. Problem Solved [Describe the problem solved by this invention] 

A detection technique is being disclosed, and has been reduced to practice, allowing for the determination of the 
presence, lifecycle stage, and infectivity of Schistosome parasites in environmental and biological samples. 
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8. Workable Extent/Scope [Describe the future course of related work, and possible variations of the present 
invention in terms of the broadest scope expected to be operable; if a compound, describe substitutions, breadth of 
substituents, derivatives, salts etc., if DNA or other biological material, describe modifications that are expected 
to be operable, if a machine or device, describe operational parameters of the device or a component thereof, 
including alternative structures for performing the various functions of the machine or device] 

The disclosed method has a broad workable extent. The detection technique may be appUed not only for 
environmental monitoring but also for the medical analysis of biological specimens includmg, but not limited to, 
blood, urine, and feces. The detection strategy by MALDI-TOF MS may be replaced by less capital-intensive, 
lower cost altematives including, but not limited to, the use of affinity materials for lifecycle-specific proteins 
whose binding to the sensor is read by optical methods. Large volume high-throughput analysis of environmental 
and biological samples may be accompUshed using '*protein affinity arrays" and "protein chips" containing 
antibodies and docking sites for the proteinaceous targets described here. The metiiod may also be integrated in a 
monitoring device allowing for environmental sampling and analysis in the field. 



9. References [Please cite relevant journal citations, patents, general knowledge or other public information 
related to the invention and distinguish between references that (A) contain a description of the current invention 
from those that (B) contains background information.] 
A 

None. 
B 

World Health Organization (1998). Report of the WHO hiformal Consultation on Schistosomiasis Control. 
WHO/CDS/CPC/SlP/99.2. Geneva, Switzerland, (http://www.who.int/entity/wormcontrol/docuinents/ 
publications/en/99_2en.pdf) 

Ross, A. G., Sleigh, A. C, LI, Y., Davis, G. M., Williams, G. M., Jiang, Z., Feng, Z., and D. P. McManus (2001). 
Schistosomiasis in the People's Republic of China: Prospects and Challenges for the 21*' Century. Clinical 
Microbiol. Rev. 14(2):270-295. 

Valle, C, Festucci, A., Calogero, A., Macn, P., Mecozzi, B., Liberti, P., and D. Cioh§ (1999). Stage-specific 
Expression of a Schistosoma mansoni Polypeptide Similar to the Vertebrate Regulatory Protein Stathmin*. J. Biol. 
Chem. 274(48):33869-33874. 
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3. Novelty [Identify those elements of the invention that are new when compared to the current state of the art] 

Existing techniques for the detection of Schistosome parasites are labor-, time-, and cost-intensive, as they rely on 
the use of microscopic observation by trained parasitologists. The here presented novel technique overcomes these 
Imaitations by furmshing a rapid, selective and highly specific means of monitoring for the presence, lifecycle stage 
and mfectivity of Schistosome parasites. The assay is unbiased and suitable for automated high-throughput 
analysis of both environmental and biological samples. 



4. Potential Commercial Use - [What products can be produced with this invention.] 
Potential Commercial Use; 



The Schistosome monitoring technique could be sold as a license, product and/or service. The technology can be 
used to obtam in a one-step process information on the presence, hfecycle stage, and infectitvity of Schistosome 
parasites. The technology mvites application in the following areas: environmental monitoring of Schistosome 
parasites, medical screening of biological specimens for Schistosome parasites, risk assessment and exposure 
assessment, protection of health of civiUans and military personnel deployed in the United States and abroad 
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Detection of Proteinaceous Biomarkers Revealing the Presence, Lifecycle Stage, and 
Potential Infectivity of Schistosome Pararsites Using Matrix Assisted Laser 
Desorption/Ionization Time of Flight Mass Spectrometry (MALDI-TOF MS) 

Rolf U. Halden and David Colquhoun 

Abstract 

Human infections with parasitic Schistosomes reprensent the leading cause of 
cirrhosis and bladder cancer in the world. At present, the worldwide control and 
prevention of schistosomiasis is hampered by a lack of rapid, selective and sensitive 
techniques allowing for the automated high-throughput analysis of Schistosome parasites 
in environmental and biological samples. Here we describe the use of matrix assisted 
laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) for the 
detection of proteinaceous biomarkers reporting on the presence, lifecycle stage, and 
potential infectivity of Schistosome parasites in aqueous samples. The assay presents a 
novel technique for detecting Schistosome parasites. Its application to environmental and 
biological specimens may promote control and prevention of Schistosomiasis, a disease 
ranking higher in prevalence than HIV/AIDS. 

Introduction 

Schistosomes are parasites in a wide variety of warm-blooded hosts (Ross et al. 
2001). In mammals and humans, they cause serious disease by living in the blood vessels 
draining the gut or bladder where they reproduce and produce eggs that are passed out in 
the urine and feces. In aquatic birds, they also parasitize the intestinal blood vessels and 
undertake a similar life pattern with eggs of the parasite being passed out in the droppings 
of the infected bird. In both these instances, the eggs hatch when passed into fresh water. 
The liberated free-swimming larvae search for appropriate species of freshwater snails 
and proceed to invade the tissue and begin asexual reproduction. The products of this 
reproduction are a second type of larva, the cercaria. Cercariae are free-swimming 
organisms that orientate toward the air-water interface to penetrate the skin of the next 
host. 

When the cercariae of bird schistosomes attack a person, the invading parasite 
does not mature, but produces an immunological hypersensitive reaction in the skin, 
known as Swimmer's Itch. This local inflammation and severe irritation of the skin 
occurs where the parasite penetrated the skin. Although no serious infection results, the 
condition can be debilitating and disfiguring when large numbers of bird cercariae are 
involved. Swimmer's Itch is a severe problem affecting recreational swimmers in the 
American Great Lakes and in many parts of the world where the appropriate species of 
freshwater snails occur. 

Human schistosomiasis occurs in most of Africa, West Asia, parts of the 

Caribbean and South America, and in China and South East Asia. Hundreds of millions 
of people are affected and the results of infection produce severe debilitation and even 
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death. It ranks higher in prevalence than HIV/AIDS and second only to malaria in 
importance in endemic areas. As people are repeatedly infected during their lives, chronic 
infection frequently leads to severe effects in the adult population as well as in children. 

Common to these two parasitic problems is the method of transmission via certain 
species of freshwater snails and parasite larvae (cercariae) that emerge in vast numbers 
from infected snails to attack warm-blooded host animals and humans. Cercariae are 
released from infected snails mostly during the summer months following exposure to 
sunlight. Their release is adapted to the life patterns of their hosts and dependent on the 
presence of snail populations serving as parasitic hosts. Research has shown that 
infection is often focal, and emission of cercariae is diumal. 

The active concentration of cercariae at the air-water interface presents an 
opportunity for detecting the parasite. Until now, detection of the parasite required 
skimming off of the cercariae and time-consuming and labor-intensive visual observation 
by a trained parasitologist. Here we describe an alternative approach for the detection of 
Schistosome parasites suitable for revealing in a one-step process the presence of the 
pathogen at the species level, lifecycle stage, and potential infectivity. The method makes 
use of matrix assisted laser desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS) targeting proteinaceous biomarkers that are lifecycle and species 
specific, and expressed only by infectious forms of the pathogen. 

Materials and Methods 

Lyophilized cercariae of Schistosoma mansoni were divided into fractions of 
approximately 2,500 cercariae and resuspended in 50 mM NH4HCO3. Cells were 
disrupted using a Fisher 550 Sonic Dismembrator (Fisher Scientific) and spun at high 
speed to remove cell debris (13,500 x g, 5 minutes, 4°C, Beckman Microfuge 18). The 
supernatant lysate was assayed colorometrically for protein content using the 
bicinchoninic acid (BCA) assay (Pierce, Rockford, IL). 

Samples containing 400 ug of protein were digested with 200 ng proteomics grade 

trypsin (Sigma, St Louis, MO) in 50 mM NH4HCO3 buffer at 37°C for 18 hours. Samples 
were then vacuum dried (Savant Speed Vac) and desalted using a Cis Omix resin tips 
(Varian) and mixed with matrix (alpha-cyano-4-hydroxy-cinnamic acid in 50 % 
acetonitrile and 0.1 % trifluoroacetic acid; Sigma, St Louis, MO) prior to deposition on a 
96 well MALDI target plate (Applied Biosystems, Foster City, CA). Spectra were 
obtained using an Applied Biosystems Voyager DE-STR MALDI-TOF MS run in 
positive reflector mode {m/z 500 - 5000) with 50 shots acquired per spectrum. 

Spectra were analyzed and manipulated using Data Explorer software (Applied 
Biosystems). Peaks were deisotoped and an internal calibration using trypsin autolysis 
peaks was carried out. Mass lists were generated and compared to theoretical peptides 
using the NCBI databases (http ://ncbi.nih. gov) and Mascot (Perkins et al., 1999). 



Results and Discussion 

Peptide fingerprinting analysis of supernatant from disrupted cells of cercariae of 
Schistosoma mansoni using matrix assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS) and searching of the NCBI metazoa database 
yielded a stathmin-like protein oi Schistosoma mansoni (Valle et al 1999; Perkins et al. 
1999) as the best match among 170,167 sequences searched. The corresponding MALDI- 
TOF MS spectrum and detailed search results are provided below. The results 
demonstrate that infectious Schistosome cercariae can be detected successfully by 
MALDI-TOF MS using minimally processed crude cell extracts. This novel detection 
technique opens the door to the automated high-throughput analysis of environmental 
samples for specific Schistosome parasites. Search results indicate that the method has 
sufficient discriminatory power to distinguish between Schistosomes infecting birds and 
humans. As such, it may be used to detect the pathogen in the environment as well as in 
clinical specimens thereby supporting the global disease control and prevention studies 
conducted by the World Health Organization and other agencies (WHO 1998). 
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MALDI-TOF mass spectrum of digested supernatant containing soluble proteins obtained via 
disruption of approximately 2,500 cercariae of Schistosoma mansoni. Ions detected at m/z 1360.5 
and 4,983.3 were matched by Mascot database searching to two peptides specific to a stathmin- 
like protein coded in the genome of S. mansoni and expressed exclusively in infectious cercariae. 
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Table 1. List of m/z (peptides) detected by MALDI-TOF MS (Centroid mass = m/z). 
The sample analyzed is the same as the spectrum presented above. 
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/i^^Mascot Search Results 



Database 
residues) 
Taxonomy 
Time stamp 
Top Score 
mansoni] 



: NCBInr 20030815 (1500836 sequences; 483636797 

Other Metazoa (170167 sequences) 
26 Mar 2004 at 16:29:44 GMT 

29 for gi 1 3641363, stathmin-like protein [Schistosoma 



Probability Based Mowse Score 

Score is -10*Log(P), where P is the probability that the observed match is a random 

event. 

Protein scores greater than 65 are significant (p<0.05). 




25 30 
Probability Based Mowse Score 



Concise Protein Summary Report 



1 > ^ Mass i^b^Z Total score 2:) Peptides matched 

gtathmin^l'i.<e.p.r9.t£,in^JSchi*stos.oma jnansgfl^ UZJi . . - V f 

gi 1 28870230 Mass: 5242 Total score: 22 Peptides matched: 1 

hypothetical protein [ Pseudomonas syringae pv. tomato str. DC3000] 

gi 1 22777674 Mass: 5428 Total score: 21 Peptides matched: 1 

hypothetical conserved protein [Oceanobacillus iheyensis HTE831] 

gi|29377389 Mass: 7295 Total score: 20 Peptides matched: 1 

cold-shock domain family protein [Enterococcus faecalis V583] 

gi 1 29377007 Mass: 7779 Total score: 19 Peptides matched: 1 

conserved domain protein [Enterococcus faecalis V583] 

gi 1 3395365 Mass: 8018 Total score: 19 Peptides matched: 1 

non receptor serine/threonine kinase [Dugesia japonica] 



Search Parameters 



Type of search 


: Peptide Mass 


Fingerprint 


Enzyme 


: Trypsin 


Mass values : Monoisotopic 


Protein Mass 


: >0 


Peptide Mass Tolerance: ± 50 ppm 


Peptide Charge State 


: 1+ 


Max Missed Cleavages: 3 


Number of queries 


: 15 





61S\S^Mascot Search Results 



Protein View 



Match to: gi 13641363; Score: 29 
stathmin-like protein [Schistosoma mansoni] 

Nominal mass (Mr): 13642; Calculated pi value: 9.02 
NCBI BLAST search of gi | 3641363 against nr 

Unformatted sequence string for pasting into other applications 

Taxonomy: Schistosoina mansoni 

Links to retrieve other entries containing this sequence from NCBI 
Entrez : 

gi 1 8845483 from Schistos oma mansoni 
gi I 4590342 from Schistosoma mansoni 



Cleavage by Trypsin: cuts C-term side of KR unless next residue is P 
Number of mass values searched: 15 
Number of mass values matched: 2 
Sequence Coverage: 47% 

Matched peptides shown in Bold Red 



1 MKVTPIIFAV PCWGAMTLI TATTLEQAPH PSEKDMELVY IDAEYEKEGG 
51 LKSICNEIKR SFRKGRHHIY KVMDKYIRKE DLGMKMLDVA KILGRRIEKR 
101 MEYIAKKXOK MMEYESS 



.!Showspredieted|peptides .also 



^T^'r!X^-^\ ^ Residue Number 



X 



Increasing Mass I IDecreasing Mass 



start - End Observed Mr(expt) Mr(calc) Delta Miss Sequence 
3-47 4983.30 4982.29 4982.50 -0.22 1 
VTPIXFAVFCWGAMTLITATTLEQAFHFSEKDHELVYIOAEYEK 

107 - 117 1360.56 1359.55 1359.61 -0.05 2 KLDKllMEYESS 



No match to: 660.46, 694.41, 890.52, 945.54, 1309.53, 1345.51, 1532.60, 
1540.62, 1545.58, 1668.59, 1790.63, 1851.55, 1960.60 
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Environmental / Clinical Specimen 

i 

Addition of Internal Standard for Quantification 

Size Fractionation of Sample to Concentrate Parasites 
(Centrifugation, Filtration, etc) 

Harvesting of Parasites by Centrifugation 
Disruption of Parasites 

Centrifugation of Cell Debris to Fractionate Soluble Proteins 

i 

Enzymatic Digestions of Target Proteins 

Drying, Desalting, Addition of Matrix 

Addition of Internal Standard for Quantification 
i 

Spotting of Purified Digests on Target Plate 

Sample Preparation 

^ Analysis 

Affinity Chromatography 
& Optical Signal Detection 

IVIALDI-TOF MS 
Peptide Fingerprinting 

MS/MS 
Peptide Sequencing 



Flow Chart Illustrating the Detection of Schistosome Parasites in Environmental and Clinical 
Samples. All or a Subset of Processing Steps May Be Required for Successful identification. 
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